The authors tested the effectiveness of a community-based, tribally delivered oral health promotion (OHP) intervention (INT) at reducing caries increment in Navajo children attending Head Start. In a 3-y cluster-randomized trial, we developed an OHP INT with Navajo input that was delivered by trained Navajo lay health workers to children attending 52 Navajo Head Start classrooms (26 INT, 26 usual care [UC]). The INT was designed as a highly personalized set of oral health-focused interactions (5 for children and 4 for parents), along with 4 fluoride varnish applications delivered in Head Start during academic years of 2011 to 2012 and 2012 to 2013. The authors evaluated INT impact on decayed, missing, and filled tooth surfaces (dmfs) increment compared with UC. Other outcomes included caries prevalence and caregiver oral health-related knowledge and behaviors. Modified intention-to-treat and per-protocol analyses were conducted. The authors enrolled 1,016 caregiver-child dyads. Baseline mean dmfs/caries prevalence equaled 19.9/86.5% for the INT group and 22.8/90.1% for the UC group, respectively. INT adherence was 53% (i.e., ≥3 child OHP events, ≥1 caregiver OHP events, and ≥3 fluoride varnish). After 3 y, dmfs increased in both groups (+12.9 INT vs. +10.8 UC; P = 0.216), as did caries prevalence (86.5% to 96.6% INT vs. 90.1% to 98.2% UC; P = 0.808) in a modified intention-to-treat analysis of 897 caregiver-child dyads receiving 1 y of INT. Caregiver oral health knowledge scores improved in both groups (75.1% to 81.2% INT vs. 73.6% to 79.5% UC; P = 0.369). Caregiver oral health behavior scores improved more rapidly in the INT group versus the UC group (P = 0.006). The dmfs increment was smaller among adherent INT children (+8.9) than among UC children (+10.8; P = 0.028) in a per-protocol analysis. In conclusion, the severity of dental disease in Navajo Head Start children is extreme and difficult to improve. The authors argue that successful approaches to prevention may require even more highly personalized approaches shaped by cultural perspectives and attentive to the social determinants of oral health (ClinicalTrials.gov NCT01116739).
Introduction
Caries is the most prevalent chronic disease of childhood, with marked disparities among underserved groups (Vargas et al. 1998; Vargas and Ronzio 2006; Dye et al. 2010; Dye et al. 2015) . Children residing in the Navajo Nation have the highest decay prevalence in the world: 86% of Navajo children aged 2 to 5 y have caries Batliner et al. 2014) . These children have limited access to dental services and may greatly benefit from receiving oral health promotion (OHP) activities in their communities. The delivery of OHP activities in community settings such as preschool is becoming more common; children may have better access to services in structured school settings, where they spend much of their day. Evidence regarding the effectiveness of this approach in reducing caries is lacking (Tinanoff et al. 2002; Holve 2006; Weintraub et al. 2006; Lawrence et al. 2008; Moyer 2014) . Community-based health services delivered by community members have had success in extending health care services in American Indian communities. Our objective was to assess the effect of an OHP program on caries, as delivered in Navajo Nation Head Start by trained Navajo community oral health specialists.
Materials and Methods
Detailed descriptions have been published on the trial design and protocol ) and caries assessment procedures (Warren et al. 2015) . Only salient features of the design and procedures are described here. This trial was approved by the Navajo Nation Human Research Review Board; governing bodies at the tribal, agency, and local chapter levels; Navajo departments of Head Start and education; Head Start parent councils; and the Colorado Multiple Institutional Review Board. The trial is registered at ClinicalTrials.gov (NCT01116739).
Trial Design and Implementation
A cluster-randomized design was used, with Navajo Head Start centers as the randomized units. From 82 centers (100 classrooms), 2 centers were excluded due to remoteness and limited hours of operation. The remaining 80 centers were stratified by Navajo Nation agency and classroom/center, randomized to the intervention (INT) or usual care (UC) group and then randomly selected until there were 26 INT and 26 UC classrooms in the trial (Fig.) . All caregiver-child dyads in the selected classrooms were screened for trial entry; <1% declined participation or were excluded postenrollment. The final sample comprised 518 INT and 498 UC dyads.
Eligible dyads were Head Start children aged 3 to 5 y and their primary parents/caregivers (henceforth, "caregiver"). Children <3 y of age and caregivers unable to understand English were excluded, as were children with a fluoride varnish (FV) allergy. Written consent/assent was obtained.
Classroom and dyad enrollment occurred in the fall of the 2011 (cohort 1) and fall of 2012 (cohort 2). The INT was administered over the school year from 2011 to 2012 and repeated over the school year from 2012 to 2013. All dyads were exposed to at least 1 y of INT; cohort 1 INT dyads attending Head Start from 2012 to 2013 were eligible for a second year of the repeated INT. Cohort 1 classrooms were evaluated for outcomes each fall from 2011 to 2014 and cohort 2, each fall from 2012 to 2014, providing up to 3 y of follow-up for cohort 1 and up to 2 y of follow-up for cohort 2.
Intervention
The INT comprised 5 child OHP events, 4 caregiver OHP events, and 4 FV applications (3M ESPE VANISH) during each school year. The INT was delivered by 8 trained tribal community members, called community oral health specialists. Each specialist delivered the INT to 3 or 4 classrooms and worked closely with Head Start teachers to coordinate events and communicate with families. Each caregiver OHP event was delivered by 2 specialists, at least 1 of whom spoke Navajo. FV and child OHP events were delivered in the Head Start classroom; caregiver OHP events were delivered at the Head Start center or other convenient location. All INT dyads received toothbrushes and toothpaste for the household at enrollment and data collection events.
Usual Care
UC dyads did not receive INT OHP events or FVs but received toothbrushes and toothpaste at enrollment and data collection events.
Outcome Measures
Outcome measures were collected at baseline and annually thereafter for 3 y (years 1 to 3). The trial's primary outcome measure was decayed, missing, or filled surfaces (dmfs; primary teeth) over time, measured by calibrated dental examiners masked to group assignment (Warren et al. 2015) ; inspection was visual, without x-rays or probing. Tooth surfaces were counted as decayed when there was frank decay; white spot lesions were not counted as decayed. For teeth missing due to trauma or exfoliation, any prior dmfs measures for that tooth were carried forward; hence, the longitudinal data indicated cumulative disease burden. For teeth crowned or missing due to caries, a score of 4 was given to anterior teeth and 5 to posterior teeth.
Secondary outcome measures included longitudinal assessments of ds and decayed, missing, or filled surfaces (DMFS; permanent dentition) counts, caries prevalence, and validated survey items assessing caregiver oral health knowledge (14 items) and oral health-related behaviors (12 items) on behalf of their children (Wilson et al. 2016 ). Scores were calculated as percentages of correct answers (knowledge) or appropriate responses (behavior).
Sample Size and Statistical Power
A target sample size of 1,040 caregiver-child dyads was based on the following assumptions: 1) an expected mean dmfs of 23 (SD, 24) without any INT, 2) a 10% reduction of the projected increase in dmfs in the UC group and 40% in the INT group over a 3-y follow-up, 3) an average cluster size of 20 children, 4) an intraclass correlation of 0.045 for dmfs, 5) a power of 80%, 6) a 70% retention rate, and 7) a 2-sided t test (α = 0.05 level).
Statistical Analyses
Most INT and UC dyads included children who attended Head Start for 1 study year. To estimate the effect of 1 y of INT, these dyads were included in the modified intention-to-treat (mITT) analysis (Fig.) . Dyads in the mITT INT group who received ≥3 child OHP events, ≥1 caregiver OHP event, and ≥3 FVs were categorized as "adherers" in a per-protocol analysis. Dyads with children who attended Head Start for 2 study years ("returnees") were analyzed separately to estimate the effect of 2 y of INT.
Baseline group characteristics were compared with t tests and chi-square tests, adjusted for clustering. Comparisons of (continued) changes in dmfs, ds, and DMFS over time between the mITT INT and UC groups utilized a 3-level overdispersed Poisson model (i.e., Head Start centers, children nested within centers, and repeated measures nested within children) fit to the longitudinal outcomes that included random intercepts for Head Start centers (level 3), random intercepts for children (level 2), and a covariate indicating the natural logarithm of the number of tooth surfaces. The models for dmfs and ds compared outcomes over time from baseline to year 3 follow-up. Because the children did not have permanent teeth at baseline, the model for DMFS compared outcomes from follow-up visits 1 to 3, with baseline dmfs as a covariate. Comparisons of changes in dmfs, ds, and DMFS prevalence over time between the mITT INT and UC groups were similarly performed with a binomial model. Because caregivers sometimes changed over time, we performed the analysis of the oral health knowledge and behavior measures using linear mixed effect models by 2 methods: 1) comparing the mITT INT and UC groups from baseline to year 3 followup using all of the caregiver data, with the original caregiver responding in follow-up (yes, no) as a covariate (model 1), and 2) comparing the mITT INT and UC groups from baseline to year 3 follow-up using only data provided by the original caregiver (model 2). For all longitudinal analyses, the primary test of INT effect was based on the group × categorical time interaction.
Parallel secondary analyses compared adherers of the mITT INT group with the UC group (per-protocol analysis) and returnee INT and UC dyads who attended Head Start for 2 y (returnee analysis). Likelihood-based estimation of all models invoked the missing at random assumption, which allowed inclusion of all observed outcome data and accommodated arbitrary patterns of missing data. All analyses were conducted with SAS 9.3.
Results
A total of 897 dyads (463 INT, 434 UC) attended Head Start for 1 study year and were included in the mITT analyses. Their baseline sociodemographic and oral health characteristics are presented in Table 1 ; 88% of children had early childhood caries (ECC) with a mean dmfs of 21.3.
Children's participation in the INT was high: 76.0% attended ≥3 OHP events, and 81.2% received ≥3 FVA. Caregivers' participation was lower: 63.9% attended ≥1 OHP event (Appendix Table 1 ).
Mean dmfs increased +3.4, +8.6, and +12.9 surfaces at years 1, 2, and 3 in the INT group, as compared with +4.3, +8.4, and +10.8 surfaces in the UC group (P = 0.216; Table 2), respectively; changes in ds (P = 0.493) and DMFS (P = 0.698) were also similar between the mITT INT and UC groups over time. Caries prevalence (dmfs >0) was very high at baseline in both groups (INT 86.5%, UC 90.1%) and was almost universal by year 3 (INT 96.6%, UC 98.2%; Table 3), with no significant differences over time between INT and UC children for dmfs >0 (P = 0.808), ds >0 (P = 0.591), or DMFS >0 (P = 0.956). At the year 3 follow-up, 39.8% of the INT children and 42.3% of the UC children had permanent tooth caries (DMFS >0).
Baseline caregiver oral health knowledge was moderately high in both groups (INT 75.1%, UC 73.6%; Table 4 ). Mean knowledge score increased by +5.3, +6.3, and +6.1 units at years 1, 2, and 3 follow-up in the INT group and by +3.2, +4.4, and +5.9 units in the UC group (model 1, P = 0.369; model 2, P = 0.099), respectively. Baseline caregiver-reported oral health behavior scores were fairly low in both groups (INT 54.5%, UC 56.1%). The increases in mean oral health behavior scores over time were significantly different between the INT and UC groups (+8.3, +9.0, and +11.2 units at years 1, 2, and 3 vs. +2.1, +5.0, +10.3 in the UC group, respectively; model 1, P = 0.006; model 2, P = 0.003; Table 4 ) but similar by year 3 (INT 65.6% vs. UC 66.4%; model 1, P = 0.337; model 2, P = 0.136).
Approximately half of the INT dyads (n = 247, 53.3%) were classified as adherers. The per-protocol analysis comparing the adherer INT group (n = 247) and the UC group (n = 434) indicated that changes in some outcomes over time were different between the 2 groups (Appendix Tables 2-4) . Increments in dmfs were slightly smaller in the adherer INT group (+4.6, +7.4, +8.9) when compared with the UC group (+4.3, +8.4, +10.8; P = 0.028); however, ds (P = 0.246) and DMFS (P = 0.428) were similar between the groups over time (Appendix Table 2 ), as were the caries experience measures for dmfs >0 (P = 0.450), ds >0 (P = 0.397), and DMFS >0 (P = 0.613; Appendix Table 3 ). Mean oral health knowledge scores increased +7.6, +6.5, and +4.9 at years 1, 2, and 3 in the adherer INT group versus +3.2, +4.4, +5.9 in the UC group (model 1, P = 0.015; model 2, P = 0.007), respectively. Mean oral health behavior scores increased +8.6, +9.8, and +12.3 at years 1, 2, and 3 in the adherer INT group versus +2.1, +5.0, +10.3 in the UC group (model 1, P = 0.007; model 2, P = 0.002), respectively. However, the mean oral health knowledge and behavior scores at year 3 were not significantly different (P > 0.5; Appendix Table 4) .
No statistically significant differences between returnees in the INT and UC groups were found (Appendix Tables 5-7) .
Discussion
Baseline caries was extremely high for the American Indian children in this cluster-randomized, community-based, tribally delivered OHP trial. Although children's participation in the INT was high, caregivers' participation generally was low. In a mITT analysis, we found no difference in dmfs increment in INT children versus UC children; however, children in the adherent group had a smaller dmfs increment across study years. In both analyses, INT caregivers' oral health knowledge and behaviors increased more rapidly than those of UC caregivers after 1 y, but after 3 y, there were no differences. Nearly all INT and UC children experienced caries by the end of the study. The extreme levels of disease in these American Indian children confirm those reported by others (Grim et al. 1994; Jones et al. 2001; Warren et al. 2012 ) and emphasize the need for earlier preventive oral health services.
We trained community tribal health workers to deliver the INT in a preschool setting where children spend substantial time. This strategy resulted in high participation by children. Engaging the children's caregivers was more challenging. Participation in OHP events required travel, and transportation challenges are common in Navajo Nation. Incomes are low; unemployment is high; and personal and community stresses contribute to the challenges faced by Navajo families. Caregivers who participated (≥1 OHP event) in the INT were more likely to have fewer children in the household, external oral health locus of control, and perceptions of more existing barriers to recommended oral health behaviors, as compared with caregivers with poorer participation . It is encouraging that both INT and UC caregivers' oral health Income measured in levels: 0; 1, <$1,000; 2, $1,000 to $4,999; 3, $5,000 to $9,999; 4, $10,000 to $14,999; 5, $15,000 to $19,999; 6, $20,000 to $29,999; 7, $30,000 to $39,999; 8, $40,000 to $49,999; 9, $50,000 to $74,999; 10, $75,000 to $99,999; 11, ≥$100,000. b Caregiver and child oral health status as reported by caregiver: 1, excellent; 2, very good; 3, good; 4, fair; 5, poor. knowledge and behaviors improved and that when the INT was received (per-protocol analysis), the dmfs increment was smaller than within the UC group. This suggests that the INT has the potential to favorably influence caregivers' oral health behaviors and could have a larger clinical impact on populations with greater caregiver participation. We compared our findings with other ECC prevention studies in Native children. In 2006, Holve reported 35% lower overall caries increments for Navajo children attending Head Start who had at least 4 FVs at previous medical visits, as compared with similar children who had no FV. Also, the caries experience of children who received <4 FVs did not differ from children who received no FV. Children in the Holve study received FV at a much earlier age than did children participating in our study, suggesting that earlier INT may be essential.
Some studies found positive effects of FV when it was initially applied to other Indigenous children with lower severity of dental disease than that of our Navajo population. In a trial with Ojibway-Cree children living in Ontario, Canada, children received Duraflor FV twice a year for 2 y (Lawrence et al. 2008) . Compared with controls, children who received the INT had an 18% smaller 2-y mean dmfs increment. In another cluster-randomized clinical trial in an Aboriginal population in Australia, children who received Duraphat FV twice a year and oral health instruction had a 31% lower adjusted dmfs increment than that of control children (Slade et al. 2011) . Children participating in both these studies were younger than our population at baseline and had less severe dental disease.
A different approach to ECC prevention in Indigenous children has also been tested. In a cluster-randomized trial testing up to 6 motivational interviewing (MI) sessions with mothers of Cree infants in Quebec, Canada, no difference in enamel caries was found between the INT and control children; however, children of mothers who received at least 4 MI sessions had fewer tooth surface caries, suggesting a dose-response effect for an MI-type INT (Harrison et al. 2012) .
Strengths of our study include community participation in INT development and delivery to ensure its cultural relevance (Tiwari et al. 2015) . The need to control INT fidelity, along with pragmatic cost considerations, resulted in more rigidly controlled content and INT delivery. The benefit of enrolling families living across a rural and geographically broad setting may have been a barrier when fidelity concerns required caregivers to travel to participate in the INT. These challenges notwithstanding, we successfully completed at least 1 annual follow-up for almost 70% of the original study cohort during the study. Given the extraordinary challenge of preventing caries in a high-risk population with such extreme levels of disease, Comparing INT and UC groups over time. For the models for dmfs >0 and ds >0, we compared percentages over time from baseline to year 3 follow-up. For the model for DMFS >0, since the children did not have permanent teeth at baseline, we compared percentages from years 1 to 3, with baseline dmfs >0 as a covariate. Model 1 compares the INT and UC groups for baseline through year 3, with the original caregiver completing the oral health knowledge and behavior questions (yes, no) as a covariate. Model 2 compares the INT and UC groups for baseline through year 3 using the data only when the original caregiver completed the oral health knowledge and behavior questions.
currently available prevention strategies appear inadequate. Future attempts to control caries in these populations must consider starting earlier, enlisting the participation of caregivers in ways that involve a more individually tailored INT, and restoring active decay. Study limitations include the low rate of caregiver participation, which likely limited response to home care counseling. Also, the fact that nonadherers, who were selfselected, were removed from the INT group was an inherent bias in the per-protocol analyses. The findings in these aforementioned studies, as well as our new findings, suggest that it is extremely difficult to prevent ECC in vulnerable Indigenous children. The oral health disparities that Indigenous populations experience are complex. Indigenous populations have long been marginalized, and their children, who experience the cumulative stress of growing up in stressful environments, suffer from health inequities. Caulfield et al. (2012) suggested that the teeth of children born to mothers experiencing cumulative toxic stresses have enamel hypoplasia, making them more susceptible to ECC. It is therefore not surprising that ECC was so severe in our population, given the high levels of poverty and unemployment and high levels of interpersonal and community stress that Navajo families experience (all factors that reflect social determinants of health). Experts emphasize the need for research to include approaches that address the complicated social determinants influencing ECC (Sheiham et al. 2011 ). Certainly, upstream variables such as poverty and stresses increase the challenge of caries prevention among Navajo and other underserved children.
Summary
A community-based, tribally delivered OHP INT for Navajo children enrolled in Head Start resulted in no reduction in caries increments when compared with children in matched classrooms who received the available UC. Although children's participation was high, caregivers' participation was difficult to achieve, which suggests that convenience of participation and personal relevance may be important. In spite of this, relatively rapid improvements in caregiver-reported oral health behaviors on behalf of children after 1 y suggested that the INT had some positive impact. Moreover, the caries increment for children whose caregivers attended at least 1 OHP event was smaller when compared with UC children over the 3-y followup period. We believe that the early onset of severe dental disease may limit or even eliminate the effectiveness of prevention approaches delivered to children of this age. INTs aimed at preventing ECC need to consider a target population's unique risks and tailor the INT to those risks. One INT size does not fit all. For Navajo children, prevention efforts must begin very early, occur often, and must address, in a culturally competent way, the more basic upstream impediments to optimal oral health (Watt 2007) as well as their restorative needs.
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